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CTPY"fHOM BEnY 3A nPHPOAHO-MATEMATH"fKE HAYKE
YHHBEP3HTETA Y KPArYJEBUY
H3BEWTAJ KOMHCHJE 0 OUEHH YPAl)EHE
AOKTOPCKE AHCEPTA~HJE
Ha ceAHIo1u,101HaCTaBHO-HaYI.IHOr seha nplo1pOAHO-MaTeMaTIo1I.1KOr <paKYJlTera YHI1Bep3111Tera Y
KparyjeBu,y OAP>f<aHoj 2.12.2015. rOAIo1He, 0AJIYKOM 6poj 1190/IX-2, a Ha npeanor /I1HCTl1ryTa aa
MareMarl1KY 11 I1H<p0pMaTIo1KY ¢>aKYJlTeTa, oApet)eHI1 CMO Y KOMI1Cl1jy sa oueuv 11 oA6paHY
AOKTopCKe Alo1cepTau,l1je nOA HaCJlOBOM
" MeToAe passoja M aAanTau,Mje perpecaoaax MOAena 6a3MpaHe Ha reHeTCKMM
anropMTMMMa II
KaHAI1Aara MMnoBaHa MMnMBojeBMna, Marl1CTpa TeXHlo1l.1KIo1XHaYKa, npenasa-ra Ha BI1COKOj
nOCJlOBHO-TexHI1I.1Koj WKOJlI1 Y Y>f<Io1U,Y.
Ha OCHOBY npunoxcexe AOKYMeHTau,l1je, xao 11 Jllo1l.1HOrYBI1Aa Y paA KaHAI1AaTa, nOAHOCI1MO
HaCTaBHo-HaYI.IHOM aehv CJleAenl1
H3BEWTAJ
AOKTopCKa Al1cepTau,lo1ja "MeToAe paasoja M aAanTau,Mje perpecaoaax MOAena 6a3MpaHe Ha
reHeTCKMM anropMTMHMa" Hanl1CaHa je Ha 163 crpaae 11CaAp>f<11cneziehe AeJlOBe:
1) Caxcerax Y KOMe je AaT xparax npI1Ka3 I.1I1TaBeAOKTopcKe Alo1cepTau,l1je






8) Ilornaerse nOA HaCJlOBOM "MaTeMaTI14KI1 MOAeJlI1"
9) llornaarse nOA HaCJlOBOM .Perpecuja"
10) rlorJl3Blbe nOA H3cnOBOM "BeWTa,-\Ke HeypOHCKe Mpe>Ke"
11) nOrnaBJbe nOA HaCnOBOM "reHeTCKIII anropIIITMIII"
12) nornaBlbe nOA HacnoaOM IlAAanrau,lIIja nlllHeapHlllx perpecaoaax MOAena nOMony
reHeTCKIIIX anroparawa"
13) nornasrse nOA HaCIlOBOM IlAAanraLl,l-1ja ANN MOAeJla nOMony reHeTCKIIIX anroparawa"
14) nornaalbe nOA HacnoaOM "KoMnapau,lIIja MLR/GA It! ANN/GA perpeCI-10HI-1X MOAena ca
MOAenl-1Ma y <t>OPMI-1nOCTeneHI-1X perpecaja"
15) nornaBlbe nOA HacnOBOM IIPeAYKu,I-1ja AI-1MeH31-1ja npocropa I-1CTpa>KI-1aal-ba KOA




19) npaa crpaxa HaY4Hor paaa Y KojeM cy o6jaalbeHI-1 pesvnrara 1-13AlllcepTau,I-1je
AI-1cepTau,I-1ja CaAP>KIII 64 cnaxe, 30 rafiena 111139 61-16nl-1orpa<t>cKI-1xjeAI-1HI-1u,a.
nperneA CaAP>Kaja ypaf)eHe AHcepTau,Hje
Y npenrosopv je npaxasaa pa3BojHI-1 nvr avropa AI-1cepTau,I-1je y I-1CTpa>KIIIBaI-bYAOMeHa
reopa]e eKCnepI-1MeHTa, MaTeMaTIt!4KOr MOAenli1pal-ba 1-1onrIi1MIi13au,I-1je TOKOM npeTXOAHe ABe
AeKaAe, 1-1o6jawl-beHa je MOTI-1Bau,l-1jasa paA Ha AI-1CepTaLJ,l-1jl-1.
Ali1cepTau,I-1ja ce cacro]a OA AeceT nornasrsa.
Y npBoM nornaBlbY je onucaaa unipa nllaT<t>opMa npocropa I-1CTpa>KI-1Bal-ba.Ae<t>I-1HI-1CaH
je u,l-11b1-1saa-ra] AI-1cepTau,I-1je 1-1nocraerseae cy nonasae XI-1nOTe3e.
Kao npl-1MapHI-1 u,I-11bAI-1CepTau,lIIje, KaHAI-1AaT je nocrasuo: passo] 1-1I-1MnneMeHTau,I-1jy
MeToAa aa reaepaca-se 1-1aAanrau,I-1jy perpeCI-10HI-1X MOAena nowohv reHeTCKI-1X anropararaa
(GA). Ocraape+ee u,I-1lba je crpvxrvapaao Kp03: passo] MLR/GA MeTOAa 1-1onroeapajvher
codrrsepcxor areara (GenReg) sa aAanrl-1BHY onrl-1MI-13au,I-1jy MOAena y o6nl-1KY BI-1weCTpYKI-1x
nlllHeapHI-1X perpecnja (MLR); passe] ANN/GA MeToAa Ii1 DEVONNA codrrsepckor areara aa
onrl-1MI-13au,I-1jy 1-1anarrrauajv MOAena y o6nl-1KY BeWTa4KIi1X HeypOHCKI-1X Mpe>Ka (Artificial Neural
Networks - ANN); KOMnapaTI-1BHY aHanli13Y MOAena Ao61-1jeHI-1x Ha OCHOBY MLR/GA 1-1ANN/GA
MeTOAa Ii1MOAena y o6nl-1KY nOCTeneHI-1X perpecuja (stepwise regressions); nojenaocraersea,e III
pervnapasauajv MOAena Ao61-1jeHI-1x Ha ocsosv MLR/GA III ANN/GA xI-16pIIIAa npIIIMeHoM peA
TeXHI-1Ke (Principal Component Analysis); recrapaiee perpeCI-10HI-1X napaAI-1rMI-1 Y npl-1Mel-beHl-1M
l-1H>Kel-bepCKl-1M06naCTl-1Ma.
OCHoBHa Xl-1nOTe3a osor pana je Aa je MOAenlllpal-be KnaCl-14Hl-1M Bli1wecTpYKIIIM
nl-1HeapHl-1M perpecujaraa HeAoBolbHO Ao6po aa peanse o6jeKTe Ii1 Cl-1CTeMe KOjl-1 ce OAJIl-1Kyjy
BenIi1Kl-1M 1-1 npOMeHIbl-1Bl-1M 6pojeM yna3Hl-1X Bapl-1ja6nIII, BenIllKl-1M l-1 pacrynl-1M cKynoM
noaaraxa xo]e oAJIl-1Kyje Bl-1COKHl-1BOCTOXaCTl-1Ke,xao l-1sa ofijexre MOAenl-1pal-ba KOjl-1saxreealv
aziarrrapasse MaTeMaTl-14KOr MOAena y peanHoM BpeMeHy.
OCHoBHa XI-1nOTe3a IIIMnnlllu,l-1pana je cnenehe nonaaue XI-1nOTe3e OBe AI-1cepTau,l-1je:
1. reHeTCKl-1 anrOpl-1TMI-1 Mary Onrl-1MIII30BaTI-1 6poj l-1ran perpecopa npa MOAenl-1pal-bY
BI-1weCTpYKl-1Mnl-1HeapHI-1M perpecajawa.
2. npl-1MeHa GA napaaarwe o6e36e1)yje Mal-bY KOMnneKCHOCT Ao6l-1jeHl-1X perpecaoaux
MOAena (pe2YITapU3a4uja).
3. Xl-16pl-1AHI-1MaTeMaTI-14KIII MOAenl-1 6a3l-1paHI-1 aa napaAl-1rMaMa B\IIwecTpYKe n\llHeapHe
perpec",}e-reHeTCK'" amOp"'TM'" {MlR/GA) '" eeWial.\Ke HeVPOHCKe Mpe>Ke - reHeTC\{~
allrOpliITMIiI (ANN/GA), MOry Ha aAeKBaTaH Ha"lIilHMOAelllilpaTIiI oAa6paHe o6jeKTe iii
AOnpliIHeTIiI 60lbOj npeAIiIKu.liljlil 1i13lla3HIiIXeoexara.
4. npliIMeHa MLR/GA iii ANN/GA xIiI6pIiIAa oMorynaBa ynopeAIiIBy IiIlllil 60lby Ta"lHOCTy3
vnopenasv KOMnlleKCHOCTy 0AHOCYHa nocreneae perpeca]e,
5. npliIMeHa PCA TeXHIiIKe o6e36el)yje nojenaocraerse-ee iii pervnapnsauajv MOAella
Ao61i1jeHlilx ua OCHOBYMLR/GA iii ANN/GA xIiI6pIiIAa y Q>aKTOpa6Ii1llHIiIMnpocroparaa
IiICTpa>l<IiIBal-ba.
Ha Kpajy YBoAa je AaT npernea caAP>l<ajaAlilcepTau,liIje xao iii npernezi crarsa Y nOAPY"Ijy
IiICTpa>l<IiIBal-ba.
Apyro nornaarse y YBOAHOM AellY AeQ>IiIHlilwe KIiI6epHeTcKIiI npacrvn Y nocrvnxv
MaTeMaTIiI"IKOrMOAelllilpal-ba iii OnTliIMliI3au,liIjepeanuax o6jeKaTa, npou,eca iii CIilCTeMa.AaTe cY
noaene MaTeMaTW..IKIiIX MOAella no pa3HIiIM OCHOBaMaiii AeQ>liIcaHaMeToAollorlilja Kpelilpal-ba
MaTeMaTIiI"IKIiIX MOAella. Onacaa je nojaM MaTeMaTIiI"IKIiIX MOAella y TepMIiIHliIllorliljlil
pau,liIoHallHlilx areaara iii napaAlilrMIiI eeurra-rxe IiIHTelllilreHu,liIje. Onacase cY 0ApeAHIilu,e:
HaArlleAaHO 06Y"laBal-be, npocropa xanoresa, npenpwrarobasa-ee, ry61i1TaK, rpourax,
pervnapasauaja ... nOrllaBlbe ce aaepurasa nOCTaBlbal-beMpassojaor oxsapa sa reaepaca-se iii
1i136opHaj60lblilx MaTeMaTIiI"IKIiIXxunoresa «oje cY 6a31i1paHeHa lllilHeapHIiIM iii HelllilHeapHIiIM
perpecliloHIiIM MOAelllilMa iii reHeTCKIiIMallropliITMIiIMa.
Tpene nornasrse Aaje Klby"lHe reopalcxe nOCTaBKeBlilwecTPYKIiIXlllilHeapHlilx perpecu]a.
<l>OKYCje craszsea Ha npnxas Mepa xsanarera perpecaouax MOAella, a nocefiuo «oparoaaaor
KoeQ>IiIu,liIjeHTasaurecrpvxe AeTeMIiIHau.lilje. Orsopeao je nara-se perpecuouax MOAella, KaKOca
acnexra Ta"lHOCTIiI,TaKO iii ca acnexra CllO>l<eHOCTIiIperpecopa nojeAIiIHa"lHO, a iii perpecaouax
MOAella Y u.em1HIiI.
Y 4eTBpToM norJlaBIbY onacaua cY K/bY"IHIiInojMoBIiI iii nOCTaBKeBeWTa"lKIIIXHeYPoHcKIiIX
Mpe>l<aca npocrapaieera YHanpeA. HeKIiI oA onacauax nojwoea cy: rononoruja Mpe>l<a,cnojesn,
HeypoHIiI, rpaacdiep iii axraeauaoae Q>YHKu.lilje,allropliITMIiI Y"lel-ba iii npasana Yllel-ba. AaT je
npakas iii Haj"lewne KoplilwneHlilx Mepa KBalllilTeTa MaTeMaTIiI"IKIiIX MOAella Y Q>0PMIII
HeypoHcKIiIX Mpe>l<a.
nero nornaanse Aaje reopajcxv nonnorv III onac K/by"lHIIIX 0ApeAHIilu,a y AOMeHY
OnTliIMliI3au,liIoHe MeTOAe reHeTCKIiIX anroparawa. AaTa je npoueziypa vonurreuor GA,
npaxasaae eapaja-rre KOAlilpal-ba III npeAcTaBlbal-ba jeAIiIHKliI, xao iii nocrvnun cel1eKu.lilje iii
penpoAYKu,liIje. Onucaua cy oneparopa vxpurra-ea IIIMYTau,liIje, IIIAeQ>IiIHlilcaHIiIocranu 6a31i1"1HIiI
napawerpa reHeTCKIIIXanroparawa.
Y weCTOM nOrJlaBIbY je npaxasaa pa3BliljeHIiI MLR/GA xIiI6pIiIAHIiI MeToA, KOjlll sa pa3lllllKY
oA nocrojehax MeToAa, oMorynaBa reaepnca-se aAanTlIIBHIiIX MOAella OTn0PHIiIX Ha
npoMeHlblilBocT csvna Ylla3Hlilx Baplilja6ll111iii npoMeHlblilBocT cxvna 1i13MepeHlllx BpeAHocTIiI.
KOpliIWnel-beM reHeTCKIllX anroparawa, pa3BliljeHIiI MeToA OnTIiIMIII3yje MOAell anurecrpvxe
lllilHeapHe perpecn]e y cKllaAY ca TpeHYTHOaKTIiIBHIIIMceH30pIIIMa III aKryellHIIIM nOAau,IIIMa.
MLR MOAell je, sa AaTe venose, onTIiIMIiI30BaH no ABa KpliITepliljYMa: KpliITepliljYMY Ta"lHOCTIiIII
KpliITepliljYMY KOMnlleKCHOCTIiI.3a Mepel-be Ta"lHOCTIiIMOAella xopauihea je npanaroheua
KoeQ>IiIu,liIjeHTsaurectpvxe AeTepMIIIHau,liIje, AOKje yKynHIII 6poj perpecopa xopaurhen xao Mepa
KOMnlleKCHOCTIiIMOAella. Pa3BliljeHIiI MLR/GA MeToA je IiIMnlleMeHTlllpaH Y BIiIAY GenReg
COQ>TBepCKoraresra, "Ili1je nepcopwaace cy rectupaae y nocrvnxv MOAelllilpal-ba paAliljallHor
nowepa-ea 0Aa6paHIiIX ravaxa 6eTOHCKe6paHe 604au., Ha peua Bp6ac Y Peny6111i1u.1iICpncxo].
MOAell\'\paHO ie paA\'\iallHO nOl'J\epal-be OAa6paHe ,a4Ke 6paHe 'I ¢'I\-\KU.~l~\-\~60a 60Ae ~
aKYMYllaLl,l-1jl-1,nap,aBl-1Ha, rewneparvpe l-1BpeMeHa Koje je npOTeKIlO Op, noserxa excnnoarauaje
6paHe. Y nornasrsv CY p,aTl-1 pesvnrara l-1p,l-1CKYCl1jesa Belll1KI1 6poj peall1130BaHI1X TeCTOBa Y
OKBl1py cross-validation crparernje. nOKa3aHO je p,a MOp,elll1 KOjl1 cy reHepl1CaHI1 KOpl1Wnel-beM
MLR/GA MeTop,a, Y cllYllajy OTKa3a nojep,I1Hl1x ceasopa I1Majy 3HallajHo 60lbY cnocofisocr sa
npep,I1KLJ,l1jy Y OP,HOCYHa MLR Mop,elle KOjl1 nop,pa3YMeBajy cranau cxvn Ylla3HI1X Bapl1ja61l11.
Aop,aTHo je nOKa3aHO p,a je XJ.16PJ.1p,HJ.1MeTOp, cnocofiaa p,a npa reuepaca-ev Mop,ella op,6aLl,yje
npenaxrope KOjJ.1HI1CYop, 3Hallaja sa onacasa-ee nocmarpaaor ofilexra,
Y ceAMOM nOrnaBJbY je pa3BJ.1jeH ANN/GA XJ.16PI1p,HI1MeTOp, 11 DEVONNA co<j>TBepCKI1
are-rr sa MOp,ellJ.1pal-be ofijexara 11 CI1CTeMa y <j>OPMI1 cawononeuraeajvhax eBOllYLl,I10HI1X
BeWTallKI1X HeypOHCKI1X Mpema. Kopl1Wnel-beM reHeTCKI1X anropnraraa ANN/GA MeTOp,
OnTI1MI13yje CTPYKTYPY J.1napawerpe HeypOHCKe Mpeme y cKllap,y ca aKTYellHI1M cKynoBI1Ma
Ylla3HI1X 11 1131la3HI1X BapJ.1ja61l11, 11MepeHI1X Bpep,HOCTI1. 3a pa31ll1Ky op, Clll1llHI1X nocrojehux
peuie-sa, avrop p,I1CepTaLl,l-1jeje npeAllaml10 11pa3BI10 ANN/GA MeTOp, KOjl1 OnTI1MI13yje CKOPO
CBe elleMeHTe HeypOHCKe Mpeme. X116pl1p, BPWI1 cawonoaeuraea-ee Mop,ella TaKO WTO
OnTI1MI13yje 6poj CKpI1BeHJ.1Xcnojesa, 6poj HeypOHa y TI1M cllojeBI1Ma, 11360p aKTI1BaLJ,l-10He
<j>YHKLI,l-1je,anroparara Yllel-ba, «ao 11 Bpep,HOCTI1 napawerapa Yllel-ba y CKllap,V ca op,a6paHI1M
allrOpl-1TMOM. Mpema ce aaanrapa, OnTl-1Ml-13yje l-1o6YllaBa aa OCHOBY aKTYeIlHl-1X l-1CTOPl-1jCKI1X
noaaraxa. Pa3BI1jeHI1 ANN/GA MeTOp, je Balll-1p,OBaH Kp03 CTYP,l-1jvcllVllaja 6paHe rpaHllapeBo
«oja ce Halla3l-1 Ha peua Tpe6l1wl-bl1LJ,11 y Peny61ll1L1,l-1Cpncxo]. Y CTYP,l1jl1je nosiohv DEVONNA
cooteepcxor areura MOp,elll1paHO pap,l1jallHo nowepa-se ra-nee xoja ce Halla311 y CTPVKTYPI1
6paHe Y <j>YHKLI,l-1jl1HI1BOa aoae y aKYMYlla LJ,l1jl1, TeMnepaTYpe 11 speweaa op, noserxa
excnnoaraua]e fipaae. Aa 611 ce recrapane nepeopwaace ANN/GA xI16pl-1p,a l-1 DEVONNA
areura, reaepacaaa MOp,elll1 cy nopeheua ca MOp,elll-1Ma KOjl-1 cy p,06l1jeHI1 KOpl1Wnet-beM
eKBI1BalleHTHor MLR/GA xl-16pl-1p,a. Ha OCHOBYp,06l-1jeHl-1Xpesvnrara KaHp,I1p,aT je noxasao p,a ce
aa OCHOBY ANN/GA Xl-16pl-1p,HOr MeTop,a MOry reaepucara ANN MOp,elll1 lll-1ja je TallHOCT
npep,l-1KLJ,l-1jeCTPYKTYpHor noaaura-sa 6paHe npl161ll-1mHO 10% seha y nopehe-sv ca MOp,eIlI1Ma
KOjl1 cV 6a311paHI1 Ha MLR/GA MeToP,V. ,l],op,aTHo, KaHp,I1p,aT je Ha OCHOBY pesvnrara noxasao p,a
aa pa31ll1KY on MLR MOAella, KOjl-1cv OTnOPHJ.1sa rewneparvpae <Da3He nowaxe npl1CYTHe Ha
pa31lJ.1llJ.1TJ.1Mreorpa<j>cKJ.1M 1l0KaLJ,J.1jaMa,AN N MOAellJ.1 noxasvjv HeCTa61111lHOnouaurarse non
TaKBI1M OKOIlHOCTII1Ma. OBa npensocr MLR Mop,ella je nporvwa-reaa cnocotiaourhv perpecuja
Aa cynepnOHJ.1pal-beM TpJ.1roHoMeTpJ.1jcKJ.1Xperpecopa nOCTlI1rHVmelbeHJ.1 <j>a3HJ.1nOMaK. nopep,
rora, y nornasrsv cY npll1Ka3aHl-1 pesvnarara recrapa-sa KOjll1 YKa3yjy p,a je reaepaca-se ANN
Mop,ella BpeMeHCKI1 3HaTHO 3aXTeBHl-1je V OP,HOCYHa MLR.
Y OKBl-1PV OCMor nornasrsa p,II1CepTaLJ,lI1je cV, V U,lI1fbV oueue nep<j>opMaHCII1
HOBOpa3Bl-1jeHl-1Xxl-16pl-1AHl-1XMeToAa y OP,HOCYHa nocrojehe, perpecuoaa MOp,elll-1 reaepucaaa
Kopl-1wliel-beM MLR/GA l-1 ANN/GA MeTop,a nopeheua ca MOp,eIlIl1Ma y <j>OPMII1nOCTeneHII1X
perpecaja. CTPVKryPHO noaauraiee 6eTOHcKe IlV4He 6paHe 6ollau" xo]e je CIlvmll11l0 xao
nnardiopwa aa nopehe-se je, xao 111V npeTXOAHI1M nOrllaBfbll1Ma, II1CKa3aHO npexo paAl1jallHor
nowepa-ea nOCMaTpaHl-1X ravaxa Ha KPVHJ.1 fipaae. KOMnapaTI1BHa aaanasa Mop,ella
reHepll1CaHII1X Ha OCHOBV MLR/GA 11ANN/GA MeTOAa, ca jeAHe, 11MOAella V ct>OPMI1nOCTeneHI1X
perpecaja, ca APyre crpaae, je nOKa3a11a Aa npeACTaBJbeH\I\ MeTOA\I\ y nojeA\I\H\I\M aCneKT~Ma
npeBa3\1111a3eMorynHocT\II nocrojehax MeTOAa sa reuepaca-se perpeC\IIOH\IIX MOAel1a.
y YBOAHOM Ael1Y AeseTor nornasrsa Aaje ce npouesa pa3BojH\IIX TpeHAOBa Y AOMeHY
MOAepH\I\X CeH30pa J.1 MepHe \1\aKB\I\3\1\4\1\OHeTeXH\I\Ke \1\Moryn\l\X eoexara OB\IIX TpeHAOBa Ha
pan\l\AHO noeeha-se KOMnlleKCHOCT\I\ o6jeKaTa MOAell\l\pal-ba, KaKO ca acnexra 6poja YIla3H\I\X
Bap\l\ja6ll\l\, TaKO \1\ ca acnsxra 06\11Ma Mepel-ba. KaKO 6\11OB\II TpeHAOB\II HY>I<HOBOA\IIJ!\II AO
B\IIweCTpYK\IIX Il\llHeapH\IIX perpeca]a Henp\llXBaTJbI-1Be AY}f{\IIHe \II CIlO>l<eHOCTI-11-1111-1AO BeOMa
KOMnlleKCHI-1X MOAella Y 06J1I-1KYBeWTallK\IIX HeypOHCKI-1XMpe>l<a, Y HaCTaBKY AeseTor nornaersa
AI-1cepTa4\1\je KaHAI-1AaT np\l\Mel-byje PCA TeXHI-1KY. L1,I-1Jbje 61-10 pervnapasauaja perpeCI-10HI-1X
MOAeJla KOjl-1cy 3aCHOBaHI-1 Ha pa3BI-1jeHI-1M MLR/GA 1-1ANN/GA MeTOAaMa. 3a cryAl-1jy cllYllaja
je oAa6paH cxvn nonaraxa 0 1-13MepeHI-1Mrewneparvpaaa, Be3aHI-1M aa MOHI-1TOpl-1Hrfipaue
rpaHllapeBo. PCA MeTOAa q,aKTopCKe aHaJll-13e je npl-1Mel-beHa aa peAYK41-1jy 45 Bapl-1ja6J11-1:1
Bapl-1ja6J1e xoja penpeseurv]e cpeAI-bY rewneparvpv sasnvxa \1\ 44 aapnjafine, xo]e
penpesearvjv TeMneparype fieroucxe crpvxrvpe aa pa31l1-111I-1TI-1Mn031-141-1jaMa. Ha 6a31-1
pesvnrara 1-1AeTaJbHe, HyMepl-111Ke 1-1rpaq,\IIllKe, nojeAI-1HallHe 1-1KOMnapaTI-1BHe auanase
KBaJlI-1TeTa A061-1jeH\IIx MOAeJla, avrop AI-1cepTa4\11je je noxaaao Aa 06a MeTOAa, HaKOH
peAYKlI,\IIje AI-1MeH3I-1ja, MOry reaepacara MOAelle BI-1COKe TallHOCTI-1 1-1 npl-1XBaTJbI-1Be
CJlO>l<eHOCT\II,llaK \II y OKOJlHOCT\IIMa KaAa je nOlleTHI-1, q,aKTOpa61-1J1HI-1npocrop I-1CTpa>l<l-1Bal-ba
xapaxrepacao BeJlI-1KI-16poj Ylla3HI-1x Bapl-1ja61l1-1.
HaKoH Onl-1CaHI-1Xnornasrsa, y AeCToM nornaslbY cy AaTI-1 cyMapHI-1, Ca>l<eTI-1npernezia
Ao6\1\jeH\I\x pesvnrara, KOHallHe ynopeAHe asanase 1-13aKlbY1l41-1 0 pa3BI-1jeHI-1M MLR/GA 1-1
ANN/GA MeToAaMa \II coq,TBepCKI-1M areHTI-1Ma. ,lJ,eq,I-1HI-1CaHI-1cY 1-1 npasua Aalb 1-1X
\l\CTpa>l<\I\Bal-ba.
1. 3Hallaj H AonpHHoc AOKTopcKe AHCepTaL\Hje ca CTaHOBHWTa aKryenHor era-sa Y
oApe~eHojHaY~Hojo6nacTH
Ben\llHa nocrojehax perpecuoaax MeToAa MOAeJl\llpal-ba npernocraarsa BpeMeHcKY
HenpOMeHlbl-1BOCT MOAeJll-1paHI-1X ofijexara 1-13aXTeBa CTaJlaH cxvn YJla3HI-1x napawerapa, Y
peaJlHItlM anm1Kall,l-1jaMa, CTal1He nporaeue ofijexara Itl OTKa31tlMepHe onpeme MOry AOBeCTItl AO
c\IIrya4\11ja y Koj\llMa YCBojeH\II MOAell nocraje aevnorpefirsna. 1t13Tor pasnora je ueonxonao
pa3BI-1TI-1MeTOAe \II CI-1CTeMe sa avromarcxo resepacaiee WTO aAeKBaTHl-1jl-1x MOAella sa Aary
cl-1ryall,l-1jy. Y OKB\IIPY OBe AI-1cepTa41-1je cy passajeaa ABa XI-16p\llAHa MeTOAa KOjl-1 HYAe Aeo
peure-sa aa HaBeAeHe np0611eMe.
MLR/GA XI-16pltlA oMorynaBa reaepaca-se JlI-1HeapHOr perpecaoaor MOAeJla (MLR) KOjl-1je,
aa AaTe YCJlOBe, OnTI-1MI-130BaH nOMony reHeTCKI-1X anroparawa no Kpl-1Tepl-1jYMY TallHOCTI-1 1-1
KpltlTepl-1jYMY KOMnJleKCHOCTItl. 3a pa3J1ItlKy OA nocrojehux MeToAa, MLR/GA MeToA oworvhasa
resepacaiee aAanTl-1BHI-1X MOAeJla KOjl-1 cy OrnOpHI-1 Ha npOMeHlbl-1BOCT cxvna YJla3HI-1X
Bapl-1ja6J1\111-1npOMeHlbl-1BOCT cxvna 1-13MepeHI-1XBpeAHOCTI-1. Pa3BI-1jeHI-1 MLR/GA MeTOA je
BaJlI-1AOBaH y npl-1Mel-beHI-1M I-1CTpa>l<I-1Bal-bl-1May AOMeHY XI-1APO1-1Hq,opMaTI-1Ke. MOAeJlI-1
reHepl-1CaHI-1 KOp\llWnel-beM MLR/GA MeTOAa cy y CJlYllajy OTKa3a nojeAI-1H\IIx ceasopa noxasana
3HallajHo 60lby cnoco6HOCT aa npeAI-1KlI,l-1jy Y 0AHOCY ua MLR MOAel1e KOjl-1 nOApa3YMeBajy
CTaJlaH cxvn YJla3HI-1X Bapl-1ja6J11-1.,lJ,oAaTHo, XI-16pl-1AHI-1MeTOA je noxasao cnoc06HOCT Aa npa
reuepaca-sv MOAella oA6a4yje npeAI-1KTOpe KOjl-1HI-1CYOA 3Hallaja aa onucaaaiee nocraarpauor
ofilexra.
HOBopa3BI-1jeHI-1 ANN/GA XI-16pl-1AHI-1 MeTOA KOp\1Wnel-beM reHeTCK~X anropwraaa
OnT\1MlII3yje CTPYKrypy III naparaerpe HeypOHCKe Mpe>Ke (ANN) y CKJlaAY ca aKryeJlHIIIM
cKynoBIIIMa YJla3HIIIXIII 1113Jla3HIIIXBaplllja6JlIII, III MepeHlllx BpeAHocTIII. 3a pa3JlIIIKy OA CJllll4HIIIX
nocrojehax peure-sa, ANN/GA MeToA OnTIIIMIII3yje CKOPOCBe eneweure HeypoHcKe Mpe>Ke.
XIII6pIIIA BPWIIIcawononeuraea-ee MOAeJla TaKOWTOOnTIIIMIII3yje6poj cKpIIIBeHlllx cnojesa, 6poj
HeYPoHa Y TIIIMCJlojeBIIIMa, 111360paKTIIIBa~lIIoHe<!>YHK~lIIje,anroparara Y4el-ba, xao H BpeAHocTH
napawerapa Yl.Iel-ba Y CKJlaAY ca OAa6paHI1M aJlropI1TMOM. BaJlI1Aa~l1ja ANN/GA MeToAa je
peanaaosaaa Kp03 xpeapa-se BeWTa4Ke aeypoucke Mpe>Ke OnTIIIMaJlHe TOnOJlOrHje III
OnTHMaJlHIIIXnapawerapa, KOjOMce MOAeJlHpa CTPYKryPHOnouauraiee fipaaa, a pe3YJITaTI1cy
nopeheua ca pe3YJITaTHMa Ao6HjeHHM KOpHWnel-beM eKBHBaJleHTHOr MLR/GA xH6pHAa.
PeaJllll30BaHIII TeCTOBHcy nOKa3aJlH Aa MOAeJlI1 reHepHcaHH ANN/GA xH6pHAOM MOry AaTH
npeAI1K~lIIje CTPYKrypHor nouauiarea 6paHe ca BenoM ra-urourhv OA MLR MOAeJla. Mel)yrHM, sa
pa3JlHKy OA MOAeJla y 06JlHKY MLR, KOjlll cy ornopua ua rewneparvp-re <!>a3Henowaxe
npacvrse Ha pa3Jllll4HTHM reorpa<!>cKHM JlOKa~HjaMa, MOAeJlH y <!>0PMH ANN noxaavjv
HeCTa6111JlHOnoaauia-ee nOA TaKBHM OKOJlHOCTHMa.nOpeA rora, reuepucaiee ANN MOAeJla je
BpeMeHcKH 3HaTHOsaxreaaaje.
KOMnapaTHBHa aaanasa MOAeJla reaepacaaax Ha OCHOBYMLR/GA H ANN/GA MeTOAa ca
jeAHe, III MOAeJla y <!>0PMH nocreneaax perpecaja, ca APyre crpaue, je noxasana Aa
npencrasrseaa MeToAIII Y nojeAIIIHIIIM acnekruraa npesaawrase MorynHoCTIII nocrojehax MeTOAa
aa reuepuca-se perpeCHOHHX MOAel1a. Y3 npHMeHy TeXHHKa peAYK~Hje AI1MeH3Hja npocropa
HCTpa>KHBal-ba, npeA/lO>KeHIII xIII6pHAHH MeTOAH H pa3BHjeHH cO<!>TBepcKH areura
npencrasrsajv MonaH anar aa MOAeJlHpal-be peansax ofijexara H CHCTeMa.
2. 04eHa Aa je ypal)eHa AOKTopcKa AHcepTa~Hja pesvnrar opHrHHaJlHOr HaY4Hor paAa
KaHAHAaTa y oAroBapajynoj HaY4Hoj ofinacra
V1MajynH y BHAY axrvenuo era-se y 06JlaCTH MaTeMaTH4Kor MOAeJlHpal-ba o6jeKaTa,
npoueca H CHCTeManOMony perpecaoaax MOAeJla 4Hja je OnTIIIMlII3a~lIIjano pa3HI1M OCHOBaMa
3aCHOBaHe Ha reHeTCKIIIM aJlrOpIIITMI1Ma, MO>KeMOKOHCTaTOBaTIIIAa AOKTOpcKa AlllcepTa~lIIja
KaHAI1AaTaMI1JlOBaHa MI1JlI1BojeBlllna CaAP>KIIIOpl1rl1HaJlHe HaY4He pesvnrare KOjlll HIIICY6111JlIII
npeAMeT Hl1jeAHor AO caaa ofijasrseuor IIICTpa>KIIIBal-ba.
3. nperl1eA ocreapeaax pe3YJ1TaTaKaHAHAaTa y 0ApeT)eHoj HaY4Hoj 06J1aCTH
KaHAHAaT MHI10BaH MIIIIlHBojeBHn je y nOClleAI-bHX ner roAHHa o6jaBHo 2 pana Y
4aconHCHMa ca SCI IlHCTe (M21, M22), ABa paaa Y Mel)YHapOAHHM 4aconHCHMa III OKO 40
panosa ua Me1)YHapOAHI1MKOH<!>epeH~lIIjaMa.TaKo1)e y nOCJleAl-blllXner roAI1Ha, KaHAIIIAaTje
Y4eCTBOBaoy ner Me1)YHapOAHIIIXnpojexara.
Y IlIllCTIII xoja cIleAIII 1113ABojeHIIIcy Hay4HIII paAOBIII KaHAIIIAaTa, y 061laCTIIIMaTeMaTIII4Kor
MOAeJllllpal-ba IIIY 061laCTI1onTI1MlII3a~l1je 3aCHOBaHeHa reHeTCKIIIMallropIIITMIIIMa.
PaAoBH y 4aconHCHMa aa SCI JlHCTH:
• Stojanovic B., Milivojevic M., Ivanovic M., Milivojevic N., Divac D., Adaptive system for
dam behavior modeling based on linear regression and genetic algorithms, Advances in
engineering software, vol. 65, p. 182-190,2013. ISSN: 0965-9978 (M21)
• Milivojevic M., Stopic 5., Friedrich B., Stojanovic B., Drndarevic D., Computer Modeling of
High Pressure Leaching Process of Nickel Laterite by Design of Experiments and Neural
Networks, International Journal of Minerals, Metallurgy and Materials, Volume 19, Number
7, p. 584-595. July 2012. ISSN: 1674-4799 (M22)
~3ABojeHH OCTanH paAoBH H3 o6nacTH MaTeMaTH4Kor MOAenHpatba H o6nacTH
onTHMH3aL\Hje y nOCneAtbHX5 rOAHHa:
201S.zoa
• Milivojevic M., Forst Dj., Pot M., Dikovic Lj., Demo software for simple genetic algorithms, 8. Int.
Conf. SED 2015, Uzice, Serbia, 2-3 Oct., 2015. (2.50 - 2.57), ISBN 978-86-83573-61-5, COBIS.SR-ID
220039436 (M33)
• Drndarevic D., Milivojevic M., Modelling of dimensional changes of powder metallurgy parts after
pressing, 2 Int. Conf. of New Technology NT-2015, Mostar, BiH, April, 2015. (170-177) (M33)
• Drndarevic D., Milivojevic M., Two models of a powder metallurgy process using neural networks, 8.
Int. Conf. SED 2015, Uzice, Serbia, 2-3 Oct., 2015. (1.32 - 1.35), ISBN978-86-83573-61-5,COBIS.SR-ID
220039436(M33)
2014.zoa
• Milivojevic M., Forst Dj., Stopic S. , Drndarevic D., Stevanovic M., Development of software for k-
means klustering, 7. Int. Conf. SED2014, Uzice, Serbia, Oct., 2014. (2.10 - 2.17), ISBN978-86-83573-
42-24, COBIS.SR-ID209983756, (M33)
• Milivojevic M., Dikovic Lj., Popovic P., Forst Dj., Stevanovic M., Logistic regression of students
success rates in the exams, 7. Int. Conf. SED2014, Uzice, Serbia, Oct., 2014. (2.10 - 2.17), ISBN978-
86-83573-42-24, COBIS.SR-ID209983756, (M33)
• Drndarevic D., Milivojevic M., Modelling with neural networks, Journal of Mechatronics, Vol. 2., No.
2., June 2014., (143-146), ISSN:0352-9665, (M51)
• Drndarevic D., Milivojevic M., Modelling of the spring-back of PM parts after compaction using
backpropagation learning algorithm, 7. Int. Conf. SED2014, Uzice, Serbia, Oct., 2014. (1.15 -1.19),
ISBN978-86-83573-42-24, COBIS.SR-ID209983756, (M33)
2013.zoa
• Milivojevic M., Stopic 5., Crojaaoaah 6., Drndarevic D., Bernd F., Forward stepwise regression in
determining dimensions of forming and sizing tools for self-lubricated bearings, METTAL
Internationalle Fachzeitschrift fur metallurgie, April, 2013, Vol. 67, pp. 147-153, ISSN:0026-0746
(M23)
• Milivojevic M., Dikovic Lj., Forst Dj., Stopic S., Drndarevic D., Software for determining k Nearest
Neighbours using Genetic Algorithm, ,6. Int. Conf. SED 2013, Uzice, Serbia, 2013. (2:35-41), ISBN
978-86-83573-39-4, COBIS.SR-ID201568780, (M33)
• Milivojevic M., Drndarevic D., Dikovic Lj. , Forst Dj., Arnold A., Stopic 5., Development of software for
mathematical modeling using artificial neural network, ,6. Int. Conf. SED2013, Uzice, Serbia, 2013.
(2:12-21), ISBN978-86-83573-39-4, COBIS.SR-ID201568780 (M33)
• Drndarevic D., Milivojevic M., Modelling of dimensional changes of pm parts after sizing, ,6. Int.
Conf. SED 2013, Uzice, Serbia 2013. (1:47-51}, ISBN 978-86-83573-39-4, COBIS.SR-ID201568780
(M33)
• Dikovic Lj., Milivojevic M., Bogovic J., Friedrich B., Stopic S., Stojanovic B., Jankovic B., Normal vs.
Lognormal distributions in aerosol synthesis, ,6. Int. Conf. SED2013, Uzice, Serbia, 2013. (2:28-34},
ISBN978-86-83573-39-4, COBIS.SR-ID201568780 (M33)
2012. zoa
• Stopic 5., Bogovic i., Schwinger A..,Friedrich B., Dil<.o\licq., Mi\i'Jo}e'Jic. M., Omoare'Jic D., 5to}ano'Jit
B., Computer modeling of metallurgical processes by design of experiments and neural networks, ,5.
Int. Conf. SED 2012, Uzice, Serbia r 2012. (216-219), ISBN 978-86-83573-28-8, COBIS.SR-ID
197071372, (M33)
• Forst Dj., Milivojevic M., Dikovic Lj., Drndarevic D., Rational Agricultural Agent for Sustainable Crop
Protection based on Artificial Neural Networks, International student scientific conference-2012.,
Nitra, Slovakia, 2012. (M33)
• Drndarevic D., Milivojevic M., Modeling and control using backpropagation neural network, 33
medunarodni kongres HIPNEM 2012, Beograd, Serbia, okt. 2012. (8-12) (M33)
ZOll.zoo
• Milivojevic M., Dikovic Lj., Nedovic J., Development of application software for the analysis of the
flow function, numerical integration and derivation, l'st Mathematical Conf. of Serbian Republic,
Department of Mathematics and Computing, Faculty of Phiiosophy,University of East Sarajevo,
2011. (M33)
• Drndarevic D., Milivojevic M., Modelling with Neural Networks, 4. Int. Conf. SED2011, Uzice, Serbia,
2011. (3.12-3.17). (M33)
• Drndarevic D., Milivojevic M., Modelling with Backpropagation Algorithm, Procedeengs of the 1st
Regional Conference Mechatronics in Practice and Education (MECH-CONF 2011), December,
Subotica, Serbia, 2011. (134-138) (M33)
4. 04eHa 0 Hcny~eHocTH o6HMa H KBanHTeTa y 0AHOCY aa npHjaBJbeHY TeMY
npliIllO>KeHa AOKTopCKa AlilcepTau,liIja Y norlleAY 061i1Ma iii xsanarera IiIcnYl-baBa CBe 3aXTeBe
KOjlil cY nOCTaBlbeHIiI npliljaBoM rerae AOKTopcKe AlilcepTau,liIje. 1I,1iIlbeBIiIAOKTopcKe AlilcepTau,liIje
cV Y nornvuocra IiIcnYl-beHIiI iii Ao61i1jeHIiI cy 04eKIiIBaHIiI pe3YIlTaTIiI.
Y AlilcepTau,liIjlil cY npaxasaae ABe MeToAe sa paaso] aAanrlilBHlilx, IlIilHeapHlilx iii
HelllilHeapHlilx perpecuoaax MOAella 3aCHOBaHe sa reHeTCKIiIM allropliITMIiIMa. rtpea MeToAa
npencraarsa xIiI6pIiIA saurecrpvuax 11iiiHeapHlilx perpecaja iii reHeTCKIiIX anroparawa. 3a pasnaxv
OA nocrojehux MeToAa, MLR/GA MeToAa oworvhasa onrlilMliI3au,liIjy iii pervnapasaualv
perpecaoaux MOAella sa npoMeHlblilBe cxvnose npeAIiIKTopCKIiIX Baplilja61l1i1 iii npoMeHlblilBe
cxvnose noziaraxa. PerpeCIiIOHIiI MOAell1il 3aCHOBaHIiI na MLR/GA MeToAIiI cY onrlilMIiI30BaHIiI no
KpliITepliljYMY Ta4HOCTIiI 101 KpliITepliljYMY KOMnlleKCHOCTIiI. DBaKBIiI MOAelllil cy y cllV4ajy OTKa3a
nojeAIiIHlilx ceasopa noxasana 3Ha4ajHo 60lbY cnoco6HOCT sa npeAIiIKu,liIjy Y 0AHOCY Ha MLR
MOAelle KOjlil nOApa3YMeBajy cranau cxvn Ylla3Hlilx Baplilja61l1il. AOAaTHo, XI16pI1AHIiI MeToA je
noxasao cnocofiaocr Aa npa resepaca-ev MOAella oA6au,yje npennkrope KOjlil HIiICYOA 3Ha4aja
aa onacasa-se nocraarpasor ofijexra. Ha OCHOBYnpIiIKa3aHI1X nepdiopwauca y cryAliljlil cIlY4aja
6paHe 604au,, MO>Ke ce 3aKlbY41i1TIiIAa MLR/GA MeToA iii pa3BliljeHIiI GenReg cOQ>TBepcKIiIareur
41i1He MonHIiI iii P06YCTHIiI CTaTIiICTIiI4KO-COQ>TBepCKIiIoxaap sa MaTeMaTW·IKO MOAelllilpal-be,
MOHIiIToplilHr, npeAIiIKu,liIjy iii vnpaarsa-ee o6jeKTIiIMa, npouecawa iii CIiICTeMIiIMa.
ANN/GA je xIiI6pIiIAHa MeToAa aa passo] iii aAanrau,liIjy perpecuoaax MOAella 3aCHOBaHIiIX
Ha BeWTa4KIiIM HeypoHCKIiIM Mpe>KaMa. KOpliIWnel-beM reHeTCKIiIX anroparawa ANN/GA MeTOAa
onn1MIiI3yje crpvxrvpv iii napawerpe uevpoacse Mpe>Ke y cKllaAV ca aKryellHIiIM cKynoBIiIMa
Ylla3HIiIX iii 1i131la3HIiIXBaplilja61llil, iii MepeHIiIX BpeAHOCTIiI. 3a pa31llilKy OA CIl1il4HIiIX nocrojehux
peuieiea, ANN/GA MeTOAa onrlilMIiI3yje CKOPOCBe elleMeHTe HeypOHCKe Mpe>Ke. V1CTpa>KIiIBal-ba
pea/WI30BaHa V OKBI<1PVOBe AI<1CepTau,I<1je\II Ao6\11jeH\II pe3vmal\11 CV nOKa3all~ Aa MOAeJl~
3aCHOBaHI-1 Ha ANN/GA xI-16pl-1AY Mory AaTI-1 npeAI-1Ku.l-1je CTPYKTYPHor nosaura-ea 6paHe ca
senOM ra-n-ouihv OA MLR MOAel1a. Me1)YTI-1M, sa pa3111-1KYOA MOAel1a Y 06111-1KYMLR, KOjl-1 cy
OTnOPHI-1 aa resmeparvpae $a3He nowaxe npl-1CYTHe Ha pa3111-141-1TI-1Mreorpa$CKI-1M
l1oKau.l-1jaMa, MOAel11-1 Y $OPMIt1 ANN noxaavjv HeCTa61-111HO noaaura-ee nOA TaKSI-1M
OKOI1HOCTI-1Ma.flopen rora, resepacaiee ANN MOAel1a je BpeMeHCKI-1 3HaTHO aaxreaaale.
KOMnapaTI-1BHa auanasa MOAella resepacaaax Ha OCHOSY MLR/GA 101ANN/GA MeTOAa ca
jeAHe, 1-1 MOAella y $OPMI-1 nOCTeneHI-1X perpecnja, ca APyre crpaae, je nosasana Aa
npencrasrseua MeToAIo1 y nojeAI-1HIo1M acneKTIo1Ma npeeasanaae MOrynHOCTI-1 nocrojehux MeToAa
aa reaepaca-se perpeCI-10HI-1X MOAella. {J,oAaTHo, Y Al-1cepTau.l-1jlll je nOKa3aHO Aa nplilMeHa peA
TeXHIo1Keo6e36e1)yje nojenaocraerse-ee III peryl1apl-13au.l-1jy perpecaouax MOAel1a Ao61-1jeHI-1x Ha
OCHOSY MLR/GA 1-1 ANN/GA xI-16pIIIAa y KOMnl1eKCHI-1M $aKTOpa61-1I1HIIIM npocropawa
IIIcTpa>t<I-1Bal-ba.
6. npMMeHIbMBoCT M KOPMCHOCTpesvnrara y TeopMjM M npaKcM
npaKTIII4Ha npl-1MeHa pasaajeaax III npese-rroeaaax MLR/GA III ANN/GA MeTOAa 1-1
co$TsepCKI-1X areuara sa aAanTlIIBHY OnTlo1MlII3au.llljy perpeCI-10HIIIX MOAella Ben je vcneun-o
ocrsapeua y 061laCTI-1 XI-1APOI-1H$opMaTIIIKe, WTO ce Mo>t<e BIilAeTI-1 1113CTYAlllja cnv-rajesa AaTlllx y
AlilcepTau.l-1jl-1.
Pe3YllTaTlil Ao6111jeHIII y OBOj Alo1cepTau.llljlll cy nplIIMeHlblllBIil reaepanao, AaKlle III CBIo1M
APyrl-1M 0611aCTI-1Ma y KojlllMa nocro]a norpefia aa Kpelilpal-beM I1I-1HeapHlllx III HelllllHeapHlllx
perpecaouax MaTeMaTI-14KI-1X MOAella.
7. Ha"lMH npeaearosajea pe3ynraTa HaY"lHoj [asaocra
{J,eo pesyrrrara 1113 AOKTopCKe AlilcepTau.lllje je npe3eHTOBaH HaY4Hoj jaaaocru
ny61llo1KOBatbeM paaa Y xaconacv:
• Stojanovic B., Milivojevic M., Ivanovic M., Milivojevic N., Divac D., Adaptive system for
dam behavior modeling based on linear regression and genetic algorithms, Advances in
engineering software, vol. 65, p. 182-190,2013. ISSN: 0965-9978 (M21)
3AKlbYYAK H nPEAIlOr
KaHAIo1AaT MIo1J10BaH MIo1J1Io1BojeBlo1liIo1CnYl-baBa CBe CYWTIo1HCKe101cj>opMaJ1He 3aXTeBe KOjlo1ce
rpasee OA KaHAIt1AaTa sa OA6paHY AOKTopCKe Alt1cepTau,lt1je;
vpaheua AOKTopCKa Alo1cepTau,lo1ja je 3HalfajHa It1ca reopnjcxor It1ca npaxraxaor CTaHOBIo1WTa
101npencrasrsa 61t1TaH HaYlfHIo1AOnpl1HOC y 061laCTIo1 palfYHapCKI1X HaYKa.
KOMlt1clt1ja npeAlla>+<e HacraBHO-HaYlfHOM sehv nplt1pOAHO-MaTeMaTlo1lfKor cj>aKYllTeTa y
KparyjeBu,y It1CTPYlfHOM sehv sa nplt1pOAHO-MaTeMaTlt1lfKe HaYKe YHIt1Bep31t1TeTa y KparyjeBu,y Aa
n031t1TIo1BHOou,eHIt1 ypal)eHY AOKTOPCKY Alt1cepTau,lt1jy KaHAIt1AaTa MIt11l0BaHa Mlt1lllt1BojeBlt1lia, nOA
HaCIlOBOM II MeTOAe passoja M aAanTaL\Mje perpeCMOHMX MOAella 6a3MpaHe aa reHeTCKMM
allropMTMMMa II 101OAo6plo1 l-beHY OA6paHY.
Kparvjesau 21.1.2016. rOA.
AP BllaAIo1Mlo1p PaHKoBlo1li, BaHpeAHIo1 npodiecop
EKOHOMCKIt1 cj>aKYllTeT y Kparvjesuy
y>+<aHaYlfHa 061lacT: CTaTIt1CTIt1KaIt1It1Hcj>opMaTIo1Ka
AP MIt11l0W iI1BaHoBIt11i, Aou,eHT,
nplt1pOAHO-MaTeMaTlt1lfKIt1 cj>aKYllTeT y KparyjeBu,y
y>+<aHaYlfHa 061lacT: PalfYHapcKe KOMYHIt1Kau,lo1jeo C; OtActi-
AP 606aH CTOjkOBlo1li, BaHpeAHIo1 npocj>ecop (MeHTop)
nplt1pOAHO-MaTeMaTlt1lfKIt1 cj>aKYllTeT y Kparvjesuv
y>+<aHaYlfHa 061lacT: nporpaMlo1pal-be
